
I '  
i .  

a 
BELLCOMM. INC. 
955 L'ENfANT PLAZA NORTH, S.W. B70 10070 WASHINGTON, 0. C. 20024 

SUBJECT: Eva lua t ion  of SPS Weather DATE: October 3 0 ,  1 9 7 0  
Avoidance D e l t a - V  Requirements 
C a s e  310  

A miss ion  independent a l l o c a t i o n  of 5 
del ta-V f o r  weather  avoidance ( t h e  c u r r e n t l y  bu 
p rov ides  t h e  proper  splashdown p o i n t  maneuverabi l i ty  r e q u i r e d  
t o  avoid any adve r se  weather i n  t h e  recovery  a r e a  and t o  
f a c i l i t a t e  l and ing  and recovery o p e r a t i o n s .  This  5 0 0  f p s  

up t o  500 n.mi. east  o r  w e s t  a t  a t i m e  2 4  hours  b e f o r e  r e e n t r y  
f o r  r e a l - t i m e  weather  avoidance and ( 2 )  about  230 f p s  f o r  
p o s s i b l e  placement of t h e  pre-mission nominal splashdown p o i n t  
somewhere o t h e r  t h a n  

v1 

u m i n c l u d e s  (1) about  270  f p s  f o r  movement of t h e  splashdown p o i n t  
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0 l and ing  and recovery c o n s i d e r a t i o n s .  
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This  m i s s i o n  independent a l l o c a t i o n  of 500  f p s  could  
be reduced t o  about  335 f p s  i f  two c u r r e n t  ground r u l e s  w e r e  
changed. I f  t h e  r ea l - t ime  weather avoidance requirement  of 
5 0 0  n.mi. of t r a n s l a t i o n a l  c a p a b i l i t y  east  o r  w e s t  w e r e  changed 
t o  a requirement  f o r  a t o t a l  of 1 0 0 0  n.mi. of t r a n s l a t i o n a l  
c a p a b i l i t y  east  p l u s  w e s t ,  only about  210  f p s  would be needed 
t o  s a t i s f y  t h e  requi rement  s i n c e  del ta-V c o s t s  a r e  g r e a t e r  f o r  
movements eas t  t h a n  f o r  movements w e s t .  I f  t h e  c o n s t r a i n t  of 
40° on t h e  magnitude of t h e  t r a n s e a r t h  r e t u r n  i n c l i n a t i o n  w e r e  
r e l a x e d  t o  around 60'  f o r  weather avoidance,  t h e  maximum 
d e l t a - V  requi rement  f o r  placement of t h e  nominal splashdown 
p o i n t  somewhere o t h e r  t h a n  t h e  p r o p e l l a n t  optimum p o i n t  would 
be ha lved .  

The miss ion  s p e c i f i c  w e a t h e r  avoidance del ta-V 
requi rement  may be as l o w  as 1 0 0  f p s  i n  some cases. For a 
' g iven  m i s s i o n ,  t h e  r ea l - t ime  weather  avoidance requi rement  of 
500 n.mi. of t r a n s l a t i o n a l  c a p a b i l i t y  could  be reduced t o  
a b o u t  200  n.mi. i n  t h o s e  cases  i n  which h u r r i c a n e s  are n o t  a 
t h r e a t  i n  t h e  scheduled splashdown area. I n  a d d i t i o n ,  t h e  , 
d a t e  of t h e  mis s ion ,  t h e  p r o p e l l a n t  optimum t r a n s e a r t h  r e t u r n  
i n c l i n a t i o n ,  and t h e  p r o p e l l a n t  optimum splashdown p o i n t  
de t e rmine  whether o r  n o t  t h e  nominal splashdown p o i n t  shou ld  
be  l o c a t e d  somewhere o t h e r  than t h e  p r o p e l l a n t  optimum p o i n t  
and a l s o  de te rmine  t h e  del ta-V cost  of moving t h e  splashdown 
p o i n t .  
wea the r  avoidance requirements  e a r l y  enough t o  be inc luded  
i n  t h e  miss ion  p l ann ing ,  a d d i t i o n a l  SPS de l ta -V could o f t e n  
be  made a v a i l a b l e  f o r  o t h e r  uses. 

? 

I f  it w e r e  p o s s i b l e  t o  de te rmine  t h e s e  miss ion  s p e c i f i c  
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MEMORANDUM FOR F I L E  

DATE: October  30, 1 9 7 0  

FROM: K. P. Klaasen 

I n t r o d u c t i o n  

I n  o r d e r  t o  i n c r e a s e  t h e  p r o b a b i l i t y  o f  s u c c e s s f u l l y  
comple t ing  an Apollo mis s ion ,  t h e  s p a c e c r a f t  splashdown p o i n t  
upon r e t u r n  t o  e a r t h  must be  chosen w i t h  care. The major 
c o n s i d e r a t i o n  i n  choosing t h e  splashdown p o i n t  shou ld  be  t o  
f a c i l i t a t e  a s a f e  and r a p i d  recovery o f  t h e  c r e w  and space-  
c r a f t .  Such a recovery  can be b e s t  accomplished i n  an area 
of t h e  world which i s  f r e e  of l a r g e  l a n d  masses, h a s  g e n e r a l l y  
f a v o r a b l e  weather  p a t t e r n s  throughout  t h e  y e a r ,  and i s  
r easonab ly  accessible t o  o u r  recovery  f l e e t s .  For  t h e s e  
r e a s o n s ,  an area i n  t h e  Pac i f ic  bounded by 15OOW and 17OOW 
l o n g i t u d e  and t35' l a t i t u d e  has been chosen as t h e  Apollo 
l a n d i n g  zone. 

Minimizat ion of  t h e  d e l t a - V  r e q u i r e d  f o r  t h e  

w i l l  de te rmine  a unique  splashdown p o i n t  w i t h i n  t h i s  a c c e p t a b l e  
l a n d i n g  zone t h a t  is  optimum as f a r  as SPS p r o p e l l a n t  usage  
i s  concerned.  However, even w i t h i n  t h e  a c c e p t a b l e  l a n d i n g  
zone,  some splashdown p o i n t s  a r e  more a c c e p t a b l e  f o r  l a n d i n g  
ana  r ecove ry  t h a n  o t h e r s ,  and i t  may be  d e s i r a b l e  t o  move t h e  
nominal splashdown p o i n t  away from t h e  p o i n t  of  minimum 
de l t a -V  i n  o r d e r  t o  improve l a n d i n g  and recovery  c o n d i t i o n s .  

c- L L a n ~ e a r t h  in jec t i r r r !  ( T E I )  burn ( s u b j e c t  t o  s e v e r a l  c o n s t r a i n t s )  

Maintenance of  some c a p a b i l i t y  t o  move t h e  splashdown 
p o i n t  i n  real  time i f  bad weather  should  a r i s e  i n  t h e  prime 
r e c o v e r y  area d u r i n g  t h e  miss ion  i s  a l so  h i g h l y  d e s i r a b l e .  
S i g n i f i c a n t  r ange  changes can be made d u r i n g  r e e n t r y  by u s i n g  
aerodynamic lift (from a minimum range  of  1200 n.mi. t o  a 
maximum range  of 2500 n.mi. from e n t r y  i n t e r f a c e  a t  4 0 0 , 0 0 0  f e e t  
a l t i t u d e  t o  t h e  splashdown p o i n t ) .  U s e  of  t h e  nominal r e e n t r y  
r a n g e  ( abou t  1350 n.mi.)  i s  much p r e f e r r e d ,  however, s i n c e  
it reduces  t h e  p r o b a b i l i t y  of t h e  s p a c e c r a f t  s k i p p i n g  o u t  of 
t h e  atmosphere and a l s o  minimizes c r e w  r ecove ry  t i m e .  There- 
fore ,  weather  avoidance  us ing  aerodynamic l i f t  d u r i n g  r e e n t r y  
i s  n o t  a d e s i r a b l e  procedure  and shou ld  b e  used  on ly  i f  
r e q u i r e d  by off-nominal  c i rcumstances .  R e a l - t i m e  weather  
avoidance  can on ly  be accomplished, t h e n ,  by means of  SPS 
maneuvers e i t h e r  a t  T E I  o r  du r ing  t h e  t r a n s e a r t h  coast. 
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I n  t h e  c u r r e n t  SPS del ta-V budget  t h a t  is  used  f o r  
mis s ion  p l ann ing ,  a m i s s i o n  independent  a l l o c a t i o n  o f  500  f p s  
is made under  t h e  heading of  weather  avoidance.  Th i s  500  f p s  
de l ta -V requ i r emen t  p rov ides  f o r  t w o  t h i n g s :  (1) p o s s i b l e  
placement  of t h e  nominal splashdown p o i n t  somewhere o t h e r  
t h a n  t h e  p o i n t  of minimum SPS p r o p e l l a n t  usage  because  o f  
l a n d i n g  and recovery  c o n s i d e r a t i o n s  and ( 2 )  t h e  c a p a b i l i t y  
t o  move t h e  splashdown p o i n t  500 n.mi. eas t  o r  w e s t  a t  a t i m e  
2 4  hours  b e f o r e  e n t r y  i n t e r f a c e .  Thus, any movement of t h e  
splashdown p o i n t  away from t h e  p o i n t  of  minimum SPS delta-V 
must be accomplished u s i n g  t h e  p r o p e l l a n t  p rov ided  i n  t h e  
5 0 0  f p s  allocated t o  weather  avoidance i n  t h e  de l ta -V budget .  
S i n c e  a t  t h i s  t i m e  s e v e r a l  proposed mis s ions  are made marg ina l  o r  
i n f e a s i b l e  because  of  i n s u f f i c i e n t  SPS p r o p e l l a n t ,  i t  i s  appro- 
p r i a t e  t h a t  t h e  requi rements  f o r  weather  avoidance  be r e e v a l u a t e d .  

Placement  of Nominal Splashdown P o i n t  Away from P o i n t  of  
Minimum SPS P r o p e l l a n t  Usage 

- 

Minimizat ion of  t h e  SPS p r o p e l l a n t  r e q u i r e d  f o r  T E I  
i s  accomplished by s e l e c t i n g  a t r a n s e a r t h  t r a j e c t o r y  f o r  which 
t h e  r e t u r n  i n c l i n a t i o n ,  r e t u r n  t i m e ,  and splashdown p o i n t  
have been opt imized  s u b j e c t  t o  s e v e r a l  c o n s t r a i n t s  i n c l u d i n g  
t h e  r equ i r emen t  t h a t  splashdown occur  w i t h i n  t h e  P a c i f i c  
l a n d i n g  zone. I t  may be d e s i r a b l e  t o  move t h e  splashdown p o i n t  
i n  o r d e r  t o  avoid  l a n d  masses, improve r ecove ry  f l e e t  deploy-  
ment c h a r a c t e r i s t i c s ,  o r  avoid any h i g h l y  p r e d i c t a b l e ,  annual  
wea the r  p a t t e r n s .  D e l t a - V  m u s t  be  a l l o c a t e d  i n  t h e  budget  
f o r  t h i s  purpose because  f o r  t h e  m a j o r i t y  of  mis s ion  p l a n n i n g ,  
SPS p r o p e l l a n t  requi rements  a r e  c a l c u l a t e d  u s i n g  t h e  p r o p e l l a n t  
optimum splashdown p o i n t ,  and t h e  changes i n  splashdown 
l o c a t i o n  r e q u i r e d  f o r  l and ing  and recovery  are n o t  i nc luded  
u n t i l  l a t e  i n  t h e  p l ann ing  phase.  

Of t h e  f a c t o r s  which may l e a d  t o  movement o f  t h e  
splashdown p o i n t  away from t h e  p r o p e l l a n t  optimum p o i n t ,  
avoidance  of  annual  weather  p a t t e r n s  cou ld  p o t e n t i a l l y  r e s u l t  
i n  moving t h e  splashdown p o i n t  t h e  g r e a t e s t  d i s t a n c e .  Within 
t h e  P a c i f i c  l a n d i n g  zone, t h e  major p r e d i c t a b l e  weather  p a t t e r n  
i s  t h e  I n t e r t r o p i c a l  Convergence Zone ( I T C Z ) ,  a l s o  known as 
t h e  doldrums. The I T C Z  is  a narrow b e l t  of l o w  p r e s s u r e  
s t r e t c h i n g  east  and w e s t  and l o c a t e d  n e a r  t h e  e q u a t o r .  The 
v e r y  c o n s t a n t  trade winds meet a t  t h i s  b e l t  o f  l o w  p r e s s u r e ,  
t h e  trades be ing  n o r t h e a s t e r l y  i n  t h e  Nor thern  Hemisphere and 
s o u t h e a s t e r l y  i n  t h e  Southern Hemisphere. The I T C Z  i s  charac-  
t e r i z e d  by h o t ,  w ind le s s  days w i t h  f r e q u e n t  showers and thunder-  
showers.  The wid th  and l o c a t i o n  of t h i s  b e l t  va ry  w i t h  t h e  
t i m e  of t h e  y e a r .  I n  t h e  Apollo l a n d i n g  zone, t h e  ITCZ g e n e r a l l y  
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l i e s  s l i g h t l y  n o r t h  of the equa to r  a t  about  3" t o  5"N d u r i n g  
t h e  w i n t e r  months wi th  a width of  about  2' and moves t o  about  
7' t o  l O ' N  du r ing  t h e  summer whi'le expanding t o  about  4" i n  
wid th .  Because of the suddenness and frequency of r a i n s t o r m s  
i n  this r e g i o n ,  t h e  I T C Z  is  undes i r ab le  fo r  an Apollo r ecove ry ,  
and t h e  nominal splashdown p o i n t  w i l l  be p laced  o u t s i d e  of 
t h i s  zone i f  p o s s i b l e .  

S ince  t h e  ITCZ runs eas t  and w e s t ,  avoidance of t h i s  
zone r e q u i r e s  movement of t h e  splashdown p o i n t  n o r t h  o r  sou th .  
D e l t a - V  c o s t s  a t  T E I  f o r  movement of the splashdown p o i n t  n o r t h  

1 or  s o u t h  a r e  p re sen ted  i n  F igure  1 for  t w o  t y p i c a l  mi s s i cns .  
The  latitude qf the ~ ~ l a s h ~ o m  p n i r t  i s  largely AeC-e.rmined by 
t h e  earth-moon d e c l i n a t i o n ,  and r e l a t i v e l y  l a r g e  changes i n  
r e t u r n  i n c l i n a t i o n  are r equ i r ed  t o  change t h e  splashdown l a t i -  
tude  only  a few degrees .  The cost of  moving t h e  splashdown 
p o i n t  1" ( 6 0  n.mi.) n o r t h  o r  sou th  i s  roughly 6 0  f p s  i n  del ta-V 
a t  T E I .  

Delta-V c o s t s  a t  T E I  f o r  moving t h e  splashdown p o i n t  
e a s t  o r  w e s t  a r e  g e n e r a l l y  q u i t e  low. E a s t - w e s t  movement i s  
accomplished simply by dec reas ing  o r  i n c r e a s i n g  t h e  t r a n s e a r t h  
t i m e  of f l i g h t  and l e t t i n g  t h e  r o t a t i o n  of the ear th  move t h e  
splashdown p o i n t .  F igure  2 shows t h a t  f o r  f l i g h t  t h e s  n e a r  
t h a t  of minimum TEI  delta-V, east-west movement across t h e  
e n t i r e  Apollo l and ing  zone costs less than  5 0  f p s .  2 

I n  moving t h e  splashdown p o i n t  away from t h e  p o i n t  of 
minimum SPS del ta-V f o r  weather avoidance o r  o ther  l a n d i n g  and 
recovery c o n s i d e r a t i o n s ,  both t h e  d i s t a n c e  and d i r e c t i o n  of 
movement are very  much mission dependent.  I n  some cases, t h e  
p o i n t  of minimum SPS delta-V may be p e r f e c t l y  a c c e p t a b l e  f o r  
l a n d i n g  and recovery.  I n  o the r  c a s e s ,  rather l a r g e  changes 
a r e  r e q u i r e d .  The a c t u a l  delta-V requirement  f o r  a given m i s -  
s i o n  can be determined i f  t h e  d a t e  of  t he  mis s ion ,  the propel -  
l a n t  optimum r e t u r n  i n c l i n a t i o n ,  and the p r o p e l l a n t  optimum 
splashdown p o i n t  a r e  known. 

Delta-V costs a t  T E I  could  range from 0 f p s  t o  p o s s i b l y  
as much a s  250 f p s .  T h e  250 f p s  p rov ides  f o r  nor th-south  move- 
ment of the splashdown p o i n t  a c r o s s  the e n t i r e  wid th  of t h e  ITCZ 
a t  i t s  maximum dimension of 4 " .  The c a p a b i l i t y  t o  t r a v e r s e  t h e  
e n t i r e  wid th  of the band i s  r e q u i r e d  because a t  p r e s e n t  t h e r e  i s  
an upper  l i m i t  of 40' placed on t h e  magnitude of t he  t r a n s e a r t h  
r e t u r n  i n c l i n a t i o n .  Thus, i n  t h e  worst c a s e ,  t h e  p r o p e l l a n t  
optimum splashdown p o i n t  f a l l s  nea r  t h e  edge of t h e  I T C Z  w i t h  
a r e t u r n  i n c l i n a t i o n  o f  * 4 0 ° .  Since  t h e  magnitude of t h e  r e t u r n  
i n c l i n a t i o n  can on ly  be decreased ,  nor th-south  movement of t h e  
splashdown p o i n t  can t a k e  p l ace  i n  only  one d i r e c t i o n ,  and t h e  
movement has  t o  cross t h e  e n t i r e  4 "  width  of t h e  band. 
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If the constraint on return inclination were relaxed 
for weather avoidance (while maintaining the constraint in 
determining the propellant optimum splashdown point) , north- 
south movement of the splashdown point could take place in 
either direction in all cases. Then the worst case would 
occur for a propellant optimum splashdown point located in 
the middle of the ITCZ band, and the maximum translation 
required would be a 2' north-south movement. In this case, 
the maximum delta-V required at TEI would be reduced by half 
to about 125 fps. For the missions shown in Figure 1, the 
return inclination limit would have to be increased to about 
60° for a 60-hour return time and to about 50' for an 83-hour 
return time to provide 2' of north-south movement. 

Real-Time Weather Avoidance 

SPS propellant must also be reserved to allow for 
avoidance of any adverse weather conditions that may exist in 
the prime recovery area at the time of splashdown. The 
weather under consideration here is short range, non-predictable 
weather rather than predictable, annual weather patterns. 
Within the Pacific landing zone, three main types of non- 
predictable weather occur that could force the movement of 
the splashdown point: (1) thunderstorms, (2) squalls, and 
( 3 )  hurricanes or tropical cyclones. With the exception of 
these storms, winds are light to moderate (close to 0 knots 
in the doldrums, 10 to 15 knots in the trades) in the Pacific 
landing zone. Wave height is less than 6 feet. Fog occurs 
an average of only about once per year at any point within 
this zone. 

Thunderstorms in the Pacific zone are nearly always 
thermal convective (due to localized surface heating) or 
orographic (due to topographical irregularities such as islands 
or mountains). Therefore, they are generally quite localized 
storms averaging 5 to 25 miles in diameter and never exceeding 
200 miles in their greatest dimension. Such storms can form 
rapidly, often in as little as several hours. Since thunder- 
storms in this area are not usually associated with warm or 
cold fronts, their movements are quite restricted. 

Squalls are lines of rain and high winds possibly 
several hundred miles long. They generally approach from the 
west or northwest and travel at about 30 knots. Squalls are 
short-term storms and usually last only G to 12 hours but may 
last up to 36 hours. Their behavior is often irregular and 
unpredictable. 
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Hurr i canes  are less  f r e q u e n t  b u t  much more massive 
and v i o l e n t  s torms .  They are c i r c u l a r  and r ange  i n  s i z e  from 
50 t o  6 0 0  m i l e s  i n  d iameter .  Hur r i canes  o r i g i n a t e  n e a r  t h e  
e q u a t o r  and i n i t i a l l y  move w e s t w a r d  and s l i g h t l y  poleward 
a t  abou t  1 0  t o  20  knots .  As it r e a c h e s  h i g h e r  l a t i t u d e s ,  
t h e  ave rage  storm w i l l  hook more and more poleward and may 
even loop  back t o  t h e  eas t  a t  around 30° l a t i t u d e .  I n d i v i d u a l  
s t o r m s ,  however, are sometimes e r ra t ic  i n  t h e i r  movements. 
Hur r i canes  may form i n  as l i t t l e  as 1 2  hour s  a l though  t h e y  
u s u a l l y  t a k e  s e v e r a l  days t o  form. With in  t h e  P a c i f i c  l a n d i n g  
zone, h u r r i c a n e s  have been r e p o r t e d  on ly  i n  t h e  Southern  
Hemisphere and on ly  d u r i n g  t h e  months o f  November through 
A p r i l .  The frequency of h u r r i c a n e  occur rence  is somewhat 
u n c e r t a i n .  Data c o l l e c t e d  over  t h e  y e a r s  by c o n v e n t i o n a l  
means i n d i c a t e  t h a t  an average o f  between 2 and 3 h u r r i c a n e s  
p e r  y e a r  occur  i n  t h e  sou the rn  P a c i f i c  l a n d i n g  zone. However, 
r e c e n t  weather  s a t e l l i t e  d a t a  i n d i c a t e  t h a t  conven t iona l  means 
may d e t e c t  on ly  about  1 o u t  of eve ry  4 h u r r i c a n e s  t h a t  a c t u a l l y  
form i n  remote ocean areas. 

Based on t h e  s i z e  and r a t e  of  movement of  s to rms  i n  
t h e  Apollo l a n d i n g  zone, it appears  t h a t  t h e  c a p a b i l i t y  t o  
change t h e  splashdown p o i n t  by 500 n.mi. as provided  i n  t h e  
c u r r e n t  budget  would p rov ide  t h e  p r o p e r  maneuverab i l i t y  
r e q u i r e d  t o  avoid any major weather  system t h a t  might  a r i se  
i n  t h e  prime recovery  area.  I n  t e r m s  of SPS p r o p e l l a n t ,  t h e  
l ea s t  c o s t l y  method of  changing t h e  splashdown p o i n t  is  t o  
move it  eas t  o r  w e s t  by d e c r e a s i n g  o r  i n c r e a s i n g  t h e  r e t u r n  
t i m e .  Thus, r e s e r v i n g  s u f f i c i e n t  SPS p r o p e l l a n t  t o  move t h e  
splashdown p o i n t  by 500 n.mi. east  or  w e s t  e i t h e r  a t  T E I  o r  
s o m e t i m e  d u r i n g  t h e  t r a n s e a r t h  c o a s t  w i l l  p rov ide  s u f f i c i e n t  
maneuverab i l i t y  f o r  real-t ime weather  avoidance.  

There are three major c o n s t r a i n t s  which de t e rmine  
t h e  p o i n t  i n  t h e  mis s ion  t i m e l i n e  a t  which splashdown p o i n t  
changes can  be  made f o r  t h e  purpose o f  weather  avoidance.  
F i r s t ,  t h e  mis s ion  f l i g h t  cont ro l le rs  are opposed t o  making 
any midcourse c o r r e c t i o n s  f o r  weather  avoidance  l a t e r  t h a n  
2 4  hour s  b e f o r e  e n t r y  i n t e r f a c e .  Second, a l though  d e l t a - V  
costs f o r  splashdown p o i n t  t r a n s l a t i o n  are less t h e  ear l ier  
t h e  c o u r s e  c o r r e c t i o n  i s  made, weather  p r e d i c t i o n s  made m o r e  
t h a n  2 4  hours  i n  advance are n o t  s u f f i c i e n t l y  r e l i a b l e .  T h i r d ,  
t h e  recovery  f l e e t  can t rave l  a t  a maximum speed  of o n l y  
a b o u t  20 kno t s .  The re fo re ,  a splashdown p o i n t  change o f  500 n.mi. 
would r e q u i r e  a t  l eas t  24  hours  advance n o t i c e  so t h a t  t h e  
f l ee t  cou ld  r e a c h  t h e  new splashdown p o i n t  i n  t i m e .  For  t h e s e  
r e a s o n s ,  any weather  avoidance maneuvers must be  performed a t  
a t i m e  approximate ly  2 4  hours  b e f o r e  e n t r y  i n t e r f a c e .  
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D e l t a - V  c o s t s  f o r  a 500 n.mi. splashdown p o i n t  change 
a t  2 4  hours  before r e e n t r y  a r e  shown i n  F igu re  3 f o r  t w o  t r a n s -  

e a r t h  r e t u r n  t i m e s .  The costs a r e  n e a r l y  independent  of r e t u r n  
t i m e  and r e t u r n  i n c l i n a t i o n .  The del ta-V r e q u i r e d  t o  move t h e  
splashdown 500 n.mi. e a s t  (speed up t h e  r e t u r n )  i s  g r e a t e r  t h a n  
t h a t  r e q u i r e d  t o  move 500 n.mi. w e s t  and i s  about  270  f p s  f o r  a l l  
miss ions .  However, s i n c e  delta-V costs are n o t  e q u a l  f o r  e a s t  
and w e s t  movements of equa l  d i s t a n c e ,  r e q u i r i n g  t h a t  t h e  del ta-V 
c a p a b i l i t y  be a v a i l a b l e  t o  move e q u a l  d i s t a n c e s  i n  bo th  d i r e c t i o n s  
make i n e f f i c i e n t  use  of a v a i l a b l e  p r o p e l l a n t .  The same real-time 
weather  avoidance c a p a b i l i t y  provided by a 500 n.mi. movement 
e a s t  o r  w e s t  ( t o t a l  of 1 0 0 0  n . m i . )  can be provided  by any combi- 
n a t i o n  of eas t  o r  w e s t  movement t o t a l l i n g  1 0 0 0  n .mi .  About 210  f p s  
p rov ides  f o r  t h e  movement of  splashdown by about  600  n.mi.  w e s t  
or  4 0 0  n .mi .  east .  Thus, i f  t h e  t r a n s l a t i o n a l  c a p a b i l i t y  r e q u i r e d  
f o r  r e a l - t i m e  weather  avoidance were allowed t o  be asymmetr ical ,  
t h e  210  f p s  would provide  t h e  same weather  avoidance c a p a b i l i t y  
a s  t h e  270 f p s  r e q u i r e d  f o r  t h e  symmetr ical  500 n.mi.  movement. 

1 

One drawback involved i n  a l lowing  asymmetrical  weather  
avoidance c a p a b i l i t y  is  t h e  500 n .mi .  l i m i t  on recovery f l e e t  
m o b i l i t y  i n  a 24-hour t i m e  pe r iod .  T h i s  drawback could be pa r -  
t i a l l y  removed by changes i n  f l e e t  deployment o r  recovery  pro-  
cedures  such as (1) s t a t i o n i n g  t h e  f l e e t  a t  t h e  c e n t e r  of t h e  
1000 n.mi.  range f o r  splashdown r a t h e r  t han  a t  t h e  nominal s p l a s h -  
down p o i n t  and t h e n  moving t h e  f l e e t  t o  t h e  a c t u a l  spiashdown 
p o i n t  a f t e r  t h e  weather  avoidance maneuver has  been made ( o r  t h e  
s p a c e c r a f t  maneuver could move splashdown t o  t h e  p o i n t  a t  which 
t h e  f l e e t  i s  l o c a t e d  i f  w e a t h e r  i s  a c c e p t a b l e  there) , o r  ( 2 )  
a l l owing  t h e  s p a c e c r a f t  t o  f l o a t  i n  t h e  P a c i f i c  f o r  t h e  added 
t i m e  i t  would t a k e  t h e  f l e e t  t o  reach  t h e  splashdown p o i n t  i f  t h e  
weather  avoidance maneuver were q r e a t e r  than  500 n.mi. 

Conclusions 

A s  a miss ion  independent requi rement  f o r  weather  avoid-  
ance  and o t h e r  l and ing  and recovery c o n s i d e r a t i o n s ,  500 f p s  of 
SPS d e l t a - V  i s  a r easonab le  f i g u r e .  Of t h i s  500 f p s ,  about  270  f p s  
i s  r e q u i r e d  t o  provide  f o r  movement of t h e  splashdown p o i n t  up t o  
500 n.mi.  east  o r  w e s t  a t  a t i m e  2 4  hours  b e f o r e  r e e n t r y  f o r  real- 
t i m e  weather  avoidance. This 270 f p s  requi rement  i s  n e a r l y  m i s -  
s i o n  independent .  The remaining 230 f p s  i s  a v a i l a b l e  f o r  p l a c i n g  
t h e  nominal splashdown p o i n t  somewhere o t h e r  t h a n  t h e  p o i n t  of 
minimum SPS p r o p e l l a n t  usage i n  o r d e r  t o  improve l and ing  and 
r ecove ry  c o n d i t i o n s .  The delta-V a c t u a l l y  r e q u i r e d  f o r  t h i s  pur-  
pose  depends on t h e  date of t h e  mis s ion ,  t h e  p r o p e l l a n t  optimum 
r e t u r n  i n c l i n a t i o n ,  and t h e  propel l 'ant  optimum splashdown p o i n t .  
The requi rement  can vary from 0 f p s  t o  p o s s i b l y  250 f p s .  
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The mission independent weather avoidance require- 
ment could be reduced to about 335 fps if two current ground 
rules were changed. First, if the real-time weather avoidance 
requirement of 500 n.mi. of translational capability east or 
west were changed to a requirement for a total of 1000 n.mi. 
of translational capability east plus west, only about 210 fps 
would be needed to satisfy the requirement since this delta-V 
provides for splashdown translation of 600 n.mi. west or 400 n.mi. 
east. Second, if the 4 0 °  constraint on the magnitude of the 
transearth return inclination were relaxed for weather avoidance, 
the maximum delta-V required for placing the nominal splash- 
down point somewhere other than the propellant optimum point 
would be halved. The actual delta-V required for this purpose 
would then range from 0 fps to only about 125 fps. 

If the weather avoidance delta-V requirement used in 
mission planning could be made mission dependent, additional 
SPS delta-V could possibly be made available for other maneuvers. 
There are two ways in which the weather avoidance requirements 
could be made mission dependent. First, if the delta-V 
actually required for placement of the nominal splashdown point 
away from the propellant optimum point could be determined 
early enough, that delta-V requirement could be used in mission 
planning leaving the balance of the present budget allocation 
available for other SPS maneuvers. Second, the real-time 
weather avoidance requirement of 5 0 0  n.mi. of translational 
capability could be reduced in those cases where hurricanes 
are not a threat in the nominal splashdown area. If splashdown 
is not scheduled to occur in the Southern Hemisphere between 
November and April (as is true for Apollo 15 in the summer of 
1971 and for Apollo 17 in the summer of 1972 under the current 
schedule of missions), a translational capability of only 
about 200 n.mi. should be sufficient to avoid any storms that 
might arise. The weather avoidance delta-V requirement could 
then be reduced by approximately 150 fps. Thus, the mission 
specific weather avoidance delta-V requirement could be as 
low as about 100 fps in some cases. 

Y. f? 
K. P. Klaasen 2013-KPK-ksc 
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